Sea Beam multibeam bathymetric data have greatly advanced understanding of the deep seafloor. However, several types of bathymetric artifacts have been identified in Sea Beam's contoured output. Surveys with many overlapping swaths and digital recording on magnetic tape of Sea Beam's 16 acoustic returns made it possible to evaluate actual system performance. The artifacts are not due to the contouring algorithm used. Rather, they result from errors in echo detection and processing. These errors are due to internal factors such as side lobe interference, bottom-tracking gate malfunctions, or external interference from other sound sources (e.g., 3.5 kHz echo sounders or seismic sound sources). Although many artifacts are obviously spurious and would be disregarded, some (particularly the "omega" effects described in this paper) are more subtle and could mislead the unwary observer. Artifacts observed could be mistaken for volcanic constructs, abyssal hill trends, hydrothermal mounds, slump blocks, or channels and could seriously affect volcanic, tectonic, or sedimentological interpretations. Misinterpretation of these artifacts may result in positioning errors when seafloor bathymetry is used to navigate the ship. Considering these possible geological misinterpretations, a clear understanding of the Sea Beam system's capabilities and limitations is deemed essential.
INTRODUCTION
The Sea Beam bathymetric survey system is a multibeam echo sounder developed by the General Instrument Corporation to produce near-real-time high-resolution con- The Sea Beam echo-processing sequence outlined here will vary depending on the EP mode chosen by the operator. Three modes are available. Mode 1 is essentially a start-up mode during which no data logging or contour plotting are performed. The EP displays the vertical beam depth and the CRT shows unprocessed echoes on the 16 preformed beams. The detection threshold used in mode 1 is the highest of the noise threshold, the side lobe threshold, or the threshold entered by the operator. Mode 2 is a semiautomatic EP operation with data logging and contour plotting. The CRT displays processed data in the form of a cross-track bottom depth profile, but the operator controls the tracking gates' width and center. In the following we discuss three types of bathymetric artifacts resulting from echo-processing errors. These trends. Such "tunnels" might be mistaken for troughs between abyssal hills or submarine channels, but investigators would recognize them as artificial because the trough axes follow the ship track, independent of course changes.
The "tunnel" effect can also occur when a zero manual threshold has been entered, even though the system computes a noise and a side lobe threshold. In the example given in Figure 5 , we identify two processes which combine to defeat the side lobe rejection scheme outlined in the appendices. First, a very strong specular return was received at the hydrophones, indicating a highly reflective seafloor. Second, the EP receiver outputs were found to saturate at 8.5 V rather than the specified maximum out- A special case of interference from external sound sources exists for 12-kHz bottom transponders. Figure 9 shows an example of such interference with evidence of a transponder trace on the corresponding analog center beam depth profile. The flat sedimentary bottom over which this data was taken illustrates the progression of the interference.
The interference enters the outer beams' tracking gates while falling outside those of the nearspecular beams. This is evidenced in Figure 9a by a central ridge followed by two small mounds on either side of the ship's track. The small mounds would be difficult to identify as artificial, were it not for evidence from the analog record (Figure 9b ) which shows the transponder trace intersecting the center beam depth profile at the corresponding time. Due to their small size, these artifacts would probably not be considered very significant, although some might mistake them for satellite cones or hydrothermal mounds. The situation of this example is uncommon because the ship was maneuvering at about 1.5 knots over a bottom transponder network while towing the Deep-Tow instrument package. However, it may become more common with the Sea Beam system installed on WHOI's R/V Atlantis H, the mother ship for the manned DSRV Alvin which is often navigated using 12-kHz transponders. At normal survey speeds (----10 knots) this artifact would be greatly reduced. Similar artifacts due to interference from the direct or the bottom bounced signal of a 12-kHz pinger have also been noted during dredging or coring operations. 11c) . The latter produces a data gap as seen in Plates lb and lg where the onset of an "omega" effect immediately precedes the gap. Apparently, the dip of the bottom increased too rapidly for the "omega" effect to develop fully, and a gap appeared because the gates simply could not open fast enough. Such gaps exist in Sea Beam data on updip as well as downdip ship tracks; however, in our data we have seen "omega" effects only for downdip ship tracks. This was confirmed at sea when an observed "omega" effect on a downdip track was immediately resurveyed updip, and no "omega" was detected. The most likely explanation for this asymmetry comes from the fact that the gates are always lagging upon a sudden change in bottom slope. Downdip, the gates track from the left in Figure 10 , and they are therefore likely to track early returns. Updip, the gates track from the right in Figure 10 so they have a better chance to track bottom returns instead of early arrivals. Also the gates have more time to adjust at the base of rising slopes due to the accumulation of talus. We cannot specify a slope range for which an "omega" effect occurs because this effect varies with ship's speed and depends on the side lobe level on the transmit beam pattern of the Sea Beam system considered. As ship speed is reduced, the tracking gates have more transmission cycles to adjust to a sudden drop in slope, and the "omega" effect is less likely. Our data shows "omega" effects on slopes between 30 ø and 45 ø for ship speeds of about 10 knots, but similar though subtler artifacts seem to appear on gentler slopes, perhaps as low as 15 ø
"Omegd' Effects and Data
The tracking gates and the transmit/receive acoustic geometry are the two main factors contributing to the "omega" effect. A third factor is related to the half-hour calibration of the EP receivers. In several instances, we found that this calibration occurred immediately prior to an "omega" effect. Figure  13a is included mainly to show the data density and the overall tectonic structure. The "omega" effect was discovered while analyzing this dense data set with several overlapping swaths and the "omegas" shown in Plate 1 are examples of artifacts that Hey and coworkers removed from their data. In eight cases for which we initially suspected the "omega" bathymetry to be false and then studied the acoustic data, our suspicions were confirmed.
By checking the raw Sea Beam data, we have identified eight others. We then estimated the probability of encountering "omegas" on downdip tracks over fairly steep ., Figure 7) . By comparing the maximum amplitude with the median amplitude across all beams at any one time, the software is able to recognize a noise burst.
When a noise burst is detected, and when the corresponding threshold level is higher than both the noise and the side lobe thresholds, the 16 amplitudes are rejected. Otherwise, the higher of the noise or the side lobe thresholds will be used as the detection threshold. With this method, however, canceling side lobe response or noise bursts when they overlap with a bottom return results in cancellation of :he corresponding part of the bottom return. Also, because of saturation in the EP receivers' amplifiers, side lobe rejection is only partially achieved in cases when the specular return is clipped. This results in both echo detection and depth computation errors. Finally, for each conversion cycle, a signal sample is detected if it is above the detection threshold and within the bottom-tracking gates.
Once the analog-to-digital conversion sequence has been completed on all beams, the next set of echoprocessing operations is done once per transmission cycle. The signal level of each detected beam is integrated over the duration of the detected return (within the gates and above the threshold). If the resulting energy in the return is below a prescribed minimum, the beam is deemed invalid due to poor signal to noise ratio [Fart, 1980] . For a valid beam, a slant range is calculated by computing the center of mass of all the detected signal samples for that beam, and by multiplying the corresponding arrival time by 750 m/s. Depth and cross-track horizontal distances are then calculated as described in section 2.
